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MAGNESIUM - TELLURIUM BY POWDER METHODS
INTRODUCTION
Today considerable work is being done in the
compressed metal powder field which is gradually obtaining prominence as a valuable branch of metallurgy.
The mass of data, however, has led to many different
ideas on the results of sintering such as sintering
copper - nickel - tungsten a.lLoys with a liquid phase
present (l~

Since 1908 (2)a wide variety of powder

methods have been used and may be classified as follows:
I. Methods of making metal powder (3),(4),(5),(6)

A. Electrolytic Processes (7)
1. Hard brittle deposits
Have to grind to a powder
2. Deposits in a spongy mass
~Powder easily
3. Deposits in a powder form
These last two are the ones most
commonly used today.

B. Chemical Processes
1. Reduction methods
Hydrogen and carbon as reducer
2. Precipitation methods

~l)
(2)

Price, Smithells, & Williams, J. Inst. Met., 1938,
62, 239-264
"Modern Uses of Non-Ferrous Metals", pp 350

(3)

Jones, "Principles of Powder Metallurgy", 1937

(4)
(5)

Noel, Shaw, & Gebert, Metals Technology, 1938, 5,
No.4, T.P. 928
Hardy, Metals Progress, 1932, 22, No.1, 32-37, 80

(6)

Rees, J. Inst. Metals, 1935, 60, 427

(7)

Rossmann, Metal Ind.,(N.Y.), 1932, 30, 321-22
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C. Mechanical Processes
1. Machining
Turnings, cuttings, filings & etc
2. Grinding
a. Stamps, gyratories, and etc.
b. Ball Mills

With dry and wet grinding
D. Condensing of metal vapors

E. Atomizing
F. Shotting
G. Graining
Stirring molten metal while solidifying
II. Pressing Powders (3)
Binders of glycerine, wax, or carbon
tetrachloride may be used.

A. Cold
B. Hot (8)
III. Welding the Powders
May be carried on in a reducing atmosphere
or a vacuum
A. Below fusion (Sintering)
B. With partial fusion (1)

(8)

J. Inst. Metals, 1929, 61, No.1,

434
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For this thesis it was desired to classify the
fields in the magnesium-tellurium

equilibrium diagram

at room temperature when prepared by powder methods.
Present available literature does not show an equilibrium diagram, but Dennis and Anderson '(9)made magnesium
telluride, MgTe, by fusing the powder mixture in an
oxygen free atmosphere.

Mellor {lO)and Hanson

(11)

also state that MgTe has been made but give no value of
its melting point.

EXPERIMENTAL PROCEEDURE
The magnesium used in making the alloys was obtained
from the Dow Chemical Company,
in a flaky powder form.

Part of it was already

This powder had been with the

labTatory supplies for a few years and its surfaces had
become darkened with oxide and nitride coatings.

Upon

analysis the magnesium content was found to be 82 % •
The best powder was made from a one inch magnesium rod
by filing.

The method was a slow and tedious one

requiring nearly two hours to make one gram, but the
finished product was sufficiently fine and free from
surface films.

The tellurium was secured from the

Raritan Copper Works at Perth Amboy, New Jersey.

It

was powdered in an agate mortar to minus 100 and 200
mesh.
Dennis & Anderson, J. Amer. Chem. Soc., Bd. 36, 1914,
S, 882-909
(101 Mellor , A Comprehensive Treatis on Inorganic and
Theoretical Chenistry, Vol. 11, pp. 50
(11) Hanson, "Der Aufbau der Zweistofflegierungen"

(9)
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The alloys studied were made by mixing the required
amourrts of magnesium and telluritun powder and cold
pressing them in a steel mold at 40,000 and 80,000 Ibs.
per sq. inch with the Olsen Testing Machine.

'1'hemold

,

was made by C. Waldron.

It was found best to make the

compressed brequettes about one-eighth inch thick because
larger ones showed slip planed due to uneven pressure.
Pellets of the pure powders were made and sinteJ:'edunder
the same conditions as the alloys.
Sintering was done in an electrical resistance tube
furnace as shown in Figlrre 1.
maintained with natural gas.

A neutral atmosphere was
The gas contains about

1.7 percent nitrogen which formed a black coating of

magnesium nitride, Mg3N2, on the surface and in the
porous spaces of the first group sintered.
After this
was detected, the nitrogen was removed by passing the
gas before it entered the furnace over hot magnesium at
3500C.
burned.

Upon leaving the silica tube, the gas was
Because of the high vapor tension of tellurium

above its melting point, sintering had to be carried on
at temperatures below 4520C, Therefore 3750C was chosen
and controll~d for times of 4 and 8 hours with a constantin - nichrome thermo couple.
The outer surface of the sintered pellets was filed
clean and their apparent density measured with a jolly
balance.

Mineral oil was used in place of water since

magnesium telluride and magnesium in the presence of
telluriurn react with water.

Hardness measurements

were made on the Rockwell Superficial Hardness Tester
with a steel pointer and a fifteen kilogram load.

All

these results are included in Table 1.
Specimens for microscopical examination were filed
smooth and then successively ground on Hubert's No. ~ ,
No. 00, No. 000, No. 0000 abrasive paper.

This was

followed by polishing on blocks covered with felt and
velvet with a mixture of alumina in mineral oil as the
abrasive.

Rinsing was done in acetone.

Polished

specimens were etched by immersing for 2 seconds in the
Palmerton etch( 16 grs. Cr03 and I gr. anhydrous Na2S04
in 100 c.c. H20) followed by a rinse in acetone.
Two
percent solutions of sulphuric acid, nitric aCid, oxalic
acid, and tartaric acid were also tried but did not
produce definate differences in the constituents present.
DISCUSSION
A series of alloys was made with minus 100 mesh
powders of tellurium and the flaky magnesium.

They

were compressed at 40,000 lbs.!sq. inch and sintered at
These powders did not weld well, appearing
little improved over the pressed briquettes even after
8 hours sintering.
probably twofold.

The cause of the poor structure is
First the oxide and nitride films

-7-

on the magnesium were too thick to be ruptured during
the pressing operation so that very few clean surfaces
were exposed for cohesion to take place.

Second the

particle size was large, therefore the porous spaces
would also be large and the amount of available welding
surface small.

The first is the main cause for lack

of welding because particle size effects mostly the rate
and time of diffusion.
To find out definitely if the poor alloying was due
to surface films, 15 grams of the magnesium powder was
ground dry in a pebble mill for 6 hours.

Pills of this

product before and aftter grinding were compressed at
80,000 lbs./sq. inch and sintered for 4 and 8 hours at
3750C.; then they were examined under the microscope.
All specimens had welded some, but no improvement could
be seen in the Itpebble-milledll powder.

It is believed

that the grinding time was too short.
Compressed powder of tellurium was also sintered
and examined.

Where the particles touched, no distinct

boundary could be seen indicating good cohesion.

But,

the discs appeared quite porous probably due to the size
and shape of the particles.

Hardy (12)recommel1.dsthe

use of minus 150 mesh powder with at least 30% less than
325 mesh.
(12) C. Hardy, Metals Progress, 1936, 29, No.4,

63-67
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New series of alloys were made with minus 100 mesh
magnesium filings and minus 200 mesh tellurium powder.
These mixtures were compressed at 80,000 Ibs./sq. inch
and sintered at 3750C. for 4 and 8 hours.

Figure 2

shows the apparent density plotted against composition
as listed in Table 1 •

This curve, however, does not

help in classifing the compounds.

Perhaps a more

accurate method of measuring densities, such as the
specific gravity bottle, would prove helpful.

Figure

3 shows hardness measurements plotted against composition as t~bblated in Table" 1.

The sudden drop in

the hardness as shown by this curve may be due to interstices in the compressed powders.

The high point

at MgTe and Mg-JW, Te-90 might be an indication of the
compound MgTe because the hardness usually rises at a
compound.
Microscopic examination of these alloys was difficult due to a black coating which formed while etching.
This black deposit did not appear on specimens of pure
magnesium or tellurium, but when they were alloyed, the
coating seemed to increase with increase in tellurium.
It is highly possible that the layer is tellUl'ium precipitated from hydrogen telluride, H2Te, The H Te may
2
be formed by reaction of MgTe with water and then in t
turn it combines with oxygen to produce tellurium.
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The Palmerton etch gave the magnesium an orangeyellow color while the tellurium was not effected.
In the magnesium specimen there were a few grey colored
areas.

These could hardly be magnesium, but they might

be pits or even iron which came from the file while
powdering.
The alloys near the magnesium end showed much
magnesium and some grey particles.

These grey ~neas

increased with an increase in tellurium and looked like
tellurium.

There also was a light cream colored con-

stituent in the alloys that increased with increase in
tellurium up to ~~Te; then it decreased slightly.

This

part of the field was hard and could be seen on the
polished specimen without the microscope.

The black

coating of tellurium did not precipitate out on or
around these particles but covered the matrix material
of the alloys near the tellurium end.

After very

r

r ,;

careful etching, the matrix appeared brown with small
particles of tellurium.

It is the writers belief that

the brown matrix which so easily assumes a black .coating
is a mixture of ~~Te and Tellurium whereas the light
cream constituent is another compoUYld or solid solution.

-12SUGGESTIONS

FOR FUTURE STUDY

Purer and finer powders of magnesium and tellurium
could be tried by cold and hot pressing and sintered in
a reducing atmosphere and in a vacuum.

A better

etching reagent may be found by studying the methods
used on aluminum telluride, A12Te3' which is more active
with water than MgTe is.

Jones (13)describes another

method of studying alloys by stacking alternate layers
of very thin sheets of the metals; then pressing
sintering them.

and

Preliminary tests should always be

made on the powders alone before any attempt of alloying
is tried.
CONCLUSIONS
1.) Classification of equilibrium diagrams below
their melting point should be possible by powder methods
with pure powders finer than 325 mesh.
2.) Large particles cause large interstices and
require too long a sinter for complete diffusion.
3.) Surface coatings on particles hinder the process
of welding.
4.) Magnesium and tellurium form at least one
compound, MgTe.
(13) Jones and Hoare, Jour. of the Iron & Steel Inst. ,
1934, No.1, 273-280
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-16APPENDIX

Table 1
Composition

Density

Hardness

Te.

6.01

Broke

MgTe~

5.83

71.5

Mg.-1O, Te-90

5.85

96

MgTe

4.5

97

Mg-20, Te-B-O

4.75

72

Mg-30, Te-70

4.25

34

Mg3Te

3.25

40

Mg-4.0, Te-60

3.26

75

Mg-50, Te-50

3.19

44

Mg-60, Te-40

2.56

35

Mg-70, Te-30

2.13

38

Mg-80, Te-20

1,76

46

Mg-90, Te-IO

1.79

35

Mg

1.7

34

Te. (-200 mesh)
Mg. filings (-100 mesh)
Compressed at 80,000 lQs./sq. inch
Sintered 4 hours at 3750C

